In this letter, we mainly consider an MSM (men have sex with men) network to analysis how monogamy behavior can influence the transmission of HIV. By calculating and analyzing the basic reproductive number of that network, we find the condition for when the monogamy rate can have a positive influence on controlling the transmission of HIV. Numerical simulations are also done to illustrate that monogamy can influence the transmission process of HIV.
Introduction
In the transmission of AIDS, the new infection transmitted between homosexual partners, especially between male homosexuals, is one of the main routes of transmission of HIV [2, 3] . In recent years, with the development of the diversity of social methods, the average number of partners of a male homosexual has been significantly increased, resulting in the wider spread of HIV in some way [4, 6] . Meanwhile, since Netherlands becoming the first country that passed the law allowing marriage between homosexuals, 28 countries have passed this law up to 2019. At the same time, in many other regions, the homosexual population are more and more inclining to keep closer relationships with their sole partners [11] . In order to analyze how these new changes can influence the transmission of sexual transmitted diseases in the homosexual population, new models need to be constructed.
Complex network and the disease transmission models based on network structure are excellent tools in the research of how disease transmission can be influenced by the social structure, and they have gained many great achievements in the field of disease transmission, forecast and control [8, 9, 12] . In the earliest work of Newman et. al [7] , the threshold values of variables about common and sexual transmitted diseases in the network structure were given. Those achievements were further generalized by Volz et. al [10] , and the ordinary differential equation model for the disease transmitted in the network structure was given. The work of Ruan et. al [9] tells how media information could influence human behaviors, and then decrease the disease transmission rate. Without any exception, these work extends people's knowledge about infectious diseases, and this letter is based on these work.
In this letter, we first introduce the basic reproductive number [1] , which is a threshold to determine whether the disease will occur or not, of the sexual transmitted disease in the network and analyze how the monogamy rate can influence that number. Then the simulations are done to illustrate our results.
Basic reproductive number
For an arbitrarily static network with the degree distribution p(k), the probability of an random selected node with degree k is p n (k) = kp(k)/ k . when there is a person selected to be infected by an epidemic in the network, the basic reproductive number of this epidemic is [5] 
where β is the infection rate and γ is the recovery rate.
Assuming that at the beginning of the epidemic, the fraction of people tending to protect themselves from this epidemic (such as giving themselves vaccines) is a and the effective rate of this protection is b. Then the basic reproductive number of this epidemic transmitted in the static network with some protected people is
As 0 < a < 1 and 0 < b < 1, it is easy to conclude that
That means even a little awareness of people to protect themselves from the epidemic can reduce the transmission ability of the epidemic in the network.
For a sexual transmitted disease which is transmitted in the network, we can consider a bi-partial network, in which the vertical set can be decomposed into two disjoint sets such that no two vertices within the same set are adjacent. Assuming one of the vertices set is named as vertical set 1 and another is 2, and in the whole vertical set, the proportion of vertices belonging to vertical set 1 is p, so the the proportion of vertices belonging to vertical set 2 is 1 − p. We also assume that the infection rate which describe vertical set 1 infecting 2 is β 1 and that describing 2 infecting 1 is β 2 . Hence the basic reproductive number of this network is
Then following the above equation we can get how the basic reproductive number varies with the monogamy rate. Assuming when the people in vertical set 2 is not the partner of people in vertical set 1 the infection rate of the people in vertical set 1 to infect the people in vertical set 2 is αβ 1 and will be ρβ 1 else. And the rate that a person in vertical set 2 to infect his non-partner neighbor is αβ 2 and will be ρβ 2 when to infect his partner. Since the monogamy behavior can reduce the contact with other sexual friends, we assume 0 < α < 1 and ρ > 1. Hence
Since it is impossible for everyone in the network to obey the monogamy, we assume that the number of vertices in vertical set 1 obeying the monogamy is m and in vertical set 2 the number is also m. Meanwhile we assume that the number of vertices in vertical set 1 is v 1 and in vertical set 2 is v 2 . Then the basic reproductive number in such situations can be divided into the sum of two parts, the first part which can be named as monogamy part is
The second part which can be named as the single part is
Hence we can get the basic reproductive number which consider monogamy rate
In the above statement we assume 0 < α < 1 and ρ > 1 and as the function x/(x + c) is an increasing function for the variable x, we can easily get that β/(β + γ) is greater than αβ/(αβ + γ) and less than ρβ/(ρβ + γ). Which follows,
and
Hence the derivation of R 0 with respect to m is
The formula ∂R0 ∂m will be greater than 0, if
So for a given network G, if its mean degree is very big but its second moment of degree distribution is small, then the increase of monogamy rate can reduce the infectious ability of that disease.
For example when we consider that the degree distribution of the network satisfies the Poisson distribution, the formula k 2 / k becomes
Then the condition
Thus if the degree distribution of the social network satisfies the Poisson distribution and the expectation number of neighbors is small, the increase of monogamy rate can reduce the R 0 .
For a scale free network whose degree distribution p(k) satisfying p(k) ∼ k −θ , and whose parameter θ satisfying 2 < θ < 3
By numerical methods, we can find out that as the increase of the parameter θ the above equation will become smaller. So that means in the scale free network, if the difference of neighbor numbers between different vertices is big, then the increase of monogamy rate can reduce the R 0 .
simulation
The simulations are done to illustrate how the different parameters can influence the transmission of epidemic. We use the simulation method mentioned in [5] and consider infection process and removal process in the network to simulate how the number of infected vertices vary with time. The simulated network is a bi-partial network, where the vertical set 1 is the set of insertive partners and set 2 represents receptive partners. All of the source code files are available at https://github.com/ChentongLi/social-network-simulation. The figure. 1 shows how the marry rate (after marriage, people will obey monogamy) p m = 2m v1+v2 can influence the transmission of epidemic in a MSM Poisson random network with mean degree 5 and the figure. 2 shows the same thing with the mean degree 50 in the network. These two figures illustrate that with the increase of the monogamy rate, the peak of infection process will decrease and the maximal number of infected vertices is more sensitive to the monogamy rate in the network with a low mean degree.
The figure. 3 and 4 illustrate the simulation results of epidemic transmission on the scale free network with the degree distribution p(k) ∼ k −2.1 and p(k) ∼ k −2.99 . These two figures show that with the increase of θ, the peak of infection process will decrease and the higher monogamy rate can make a lower maximal number of infected vertices. 
discussion
In this letter, we mainly report how the monogamy rate can influence the spread of sexual transmitted disease in the bi-partial network. By analyzing the basic reproductive number, we find that for the Poisson random network, when the expectation number of neighbors is small, the the increase of monogamy rate can reduce R 0 . Meanwhile, for the scale free network, if the difference of neighbor number between different vertices is big, then the increase of monogamy rate can reduce R 0 . Then based on this model we do some simulations, and the simulation results show that with the increase of the monogamy rate the total number of infected will decrease. This work gives a new insight into how the monogamy rate can influence the transmission of sexual transmitted disease. We believe if we could consider more human behaviors in our model, we could get more results about how different human behaviors could influence the epidemics, thus gaining more ideas about how people can control or prevent the epidemics from occurring.
